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I . Introduction 
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The fact that the ingestion of atropine sulfate in 
aqueous solution results in a diminished salivary flow is a 
well known and long recognized fact. However, the associa ted 
alterations which may occur in salivary gland cellular, 
ductal, and interstitial morphology and activity in relation 
to the secretory flow under the chronic atropinization reg ime , 
does warrant further investigation. 
The action of atropine in inhibiting cell s e cretion 
has been the subject of several papers. However, there 
appears to be no references to experimental studies on the 
cellular activities of the tissues so treated. According to 
the literature, the apparent definition of chronic atropine 
administration appears to be a series of injections which 
lasts for a period of days. Therefore, this investiga tion of 
chronic atropinization will deal with a period which lasts 
for weeks. 
In spite of the fact that saliva and some of its 
enzymatic constituents have been utilized as measures of 
glandular activity, as did, for instance, Chernick (21), 
nowhere in the literature is there mention of mitotic rate, 
as a proper measure of glandular activity. Since this may be 
accomplished by means of radioautography and by mitotic 
arrest, these two methods may be considered as useful tools 
for this investigation. 
Emmelin in 1952, noted that there was a decrease in 
gland size with atropine injections (33). Peronace et al 
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noted a similar atrophy upon parasympathetic denervation 
{79). Wells noted that this effect may be produced by a 
potent adrenergic blocking agent, Dibenamine, as well (105). 
However, the atrophy so noted was produced by repeated in-
jections over a ' period of two days. It is, therefore, quite 
conceivable that this atrophy could continue, it could 
remain the same, or it could decrease and the gland could 
recover back to normal or near normal size. The histologic 
composition of the involved gland could vary in the same way. 
Therefore the purpose of this investigation is to study the 
behavior of the salivary cells, ducts, and resultant saliva 
produced under the chronic desalivation regime. 
The major cells of secretion in the submaxillary 
gland have been termed lobes, granular tubules, serous 
alveoli and mucoid cells. The ductal cells have been called 
tubules, secretory capillaries, convoluted tubules, and 
intralobular striated ducts {52). However, for the purpose 
of the present paper, the cells of secretion will be termed 
simply the acinar cells, and the granular tubules will be 
termed simply the ductal cells. 
II. Review of the Literature 
5 
In contrast to the sublingual glands, which are well 
developed at birth, the subrnaxillary glands are very imrna-
tureo There is, consequently, an extensive period of post-
natal development, maturation, and differentiation before 
glandular maturity is attained. Jacoby and Leeson investi-
gated this problem in some detail in 19591 and a summary of 
their findings follows: 
The postnatal development can be differentiated into 
two phases. The first phase commences at birth and lasts to 
approximately six weeks. Mitotic activity is present in the 
whole duct system during this period, but the emphasis is 
easily recognized as acinar formation. Definitive acinar 
cells arise in the form of buds from the terminal tubules. 
This, together with the mitotic proliferation of the budded 
cells, results in the formation of acini. In this stage, 
the terminal tubules are prominent as the centers from which 
proliferation takes place. 
At six weeks the phase of acinar development 
combined with the regression of the terminal tubules is 
practically complete, and growth and differentiation of the 
ducts come into the foreground. As the ductal growth and 
differentiation become more marked, there is a shift in 
mitotic activity from acini to duct cells (52}. 
The unanimity of findings indicates that mitotic 
activity is periodic in animals (13). Blumenfeld found that 
• 
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mitosis in the submaxillary gland exhibited a significant 
periodic diminution in rate at two to four AM, and a fairly 
constant level, with insignificant variations, during the 
remainder of the twenty-four hour period. There is no 
special maximal activity period in the submaxillary salivary 
gland. 
In addition to the above findings, Blumenfeld 
counted the mitoses in thirty thousand nuclei at intervals 
of two hours for a period of twenty-four hours. During the 
period of from noon to four PM, Blumenfeld found an average 
of 30.3 dividing cells. Therefore, he concluded that the 
mitotic rate was one per thousand (13). It should be 
remembered, however, that this rate was obtained by simply 
sacrificing the animals and counting the number of mitoses. 
There was no opportunity for the mitoses to accumulate. 
The salivary gland mitotic activity was also 
examined by Santangelo. This study, involving the use of 
tritiated thyrnidine and the stripping film technique, util-
ized animals from fifteen minutes to forty-eight hours after 
the injection. The number of radioactive nuclei per five 
thousand cells were recorded as percentages, and therefore, 
could be utilized as the mitotic index. In the first hour, 
those cells undergoing DNA synthesis became labeled. Until 
four hours, there was a slight rise in activity which could 
be interpreted as a continuation of the synthesis of just 
the beginning of mitosis. Mitosis occurred from four to 
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twelve hours and then there was a slight plateau from twelve 
to forty-eight hours which Santangelo interpreted as inter-
phase. It was emphasized that the turnover rate of the sub-
mandibular gland was extremely low (86). 
It has been said that as the degree of differenti-
ation of cells is raised higher, the capacity for mitotic 
division decreases (1). Therefore, the conclusion may be 
drawn that cell division and specialization of function are 
contrary to one another. This is true for the individual 
cell. However, the number of dividing cells at any given 
time is quite small compared to the total cell count. It 
should also be remembered that the other cells are retaining 
their normal functional activity. 
Relative to this, Milstein found that contrary to 
popular belief, the salivary gland does have a reparative 
regenerative capability (73). He found that partial exci-
sion of the gland produced regeneration from pre-existing 
acini which were adjacent to the wound. After the first 
week, the ducts proliferated and branched out to form new 
acini on their terminations. The regeneration of the acini, 
then, was from the growth of the cut ends of large and · small 
ducts. Thus, there was a replacement of both acini and 
ducts, but from ductal cells only. Therefore, the most 
labile cells of the gland are the ductal cells. An exami-
nation of the activity of the gland, then, should be con-
centrated upon these ductal cells. 
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Hill and Bourne believe that these duct cells have a 
heightened metabolism. They have shown this by comparing 
the succinic dehydrogenase activity of the ductal cells to 
that of the acinar cellso They believe that this surprising 
finding is because the ductal cells are more active in the 
transfer of water into the secretion. This activity, they 
have theorized, requires more metabolism than merely the 
manufacture of saliva and its components (43). 
A marked salivary gland atrophy may be accomplished 
by means of a variety of methods. Peronace et al demonstra-
- -
ted the influence of the nervous system on the size and 
weight of the salivary glands. · An immediate increase on the 
size was noted on the first day after a parasympathetic 
denervation of the salivary gland. This was due to reten-
tion of secretion inside the acinar cells and also due to 
severe edema from necrosis of the tissues. The authors 
found microscopically a progressive atrophy of every struc-
ture more severe in the acini than in the ductal cells, 
together with fibrosis. They also found necrosis with later 
regeneration and fibrotic proliferation. Together these two 
factors produced small, fibrous glands with a decrease of 
parenchyma (79). 
Junqueira and coworkers also sectioned the chorda 
tympani. Five months later they found that the chordectomy 
caused a decrease in the weight of the gland with a con-
cominant acinar cell atrophy (58). This histologic atrophy 
., 
of the acinar portion is most interesting, for it has not 
been frequently observedo On the other hand, Shafer found 
no remarkable changes after parasympathomimetic stimulation 
of the gland (90}. 
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Betz and coworkers examined the relationship of the 
pancreas to the salivary gland when they induced an atrophy 
in the former. They found that the submaxillary gland did 
not compensate for the induced pancreatic atrophyo They 
further discovered a decrease in absolute weight of the 
gland due not only to the reduction in cell volume but also 
to a reduction in the cell population of the total gland 
(10}. 
Further investigation on the subject of producing an 
atrophy and thus trying to discover the mode of regulation 
of the size of the submaxillary gland was performed by 
Wells. Since he found that a potent adrenergic blocking 
agent, Dibenamine, caused such a profound atrophy of the 
glands, he concluded that the sympathetic nervous system may 
play an important role in the normal regulation of the size 
of the subrnaxillary gland (40, 106, 108} o 
According to reports in the literature, there appecrs 
not only to be a nervous control of the major rat salivary 
glands, but a hormonal one as well. Shafer and Muhler in 
1954 (91}, Bixler and coworkers in 1957 (11}, and Kronrnan in 
1964 (60} all have reported that there were atrophic changes 
10 
that occurred in the morphology of the rat submaxillary 
gland subsequent to hypophysectomy. They reported that the 
ductal portions of the subrnaxillary gland were not sensitive 
to hypophysectomy, while the acinar cells did atrophy to 
some extent. Raynaurd in 1964 also found a hormonal influ-
ence upon the salivary glands when he stated that adrenal-
ectomy plus castration induces a much greater effect on the 
atrophy of the subrnaxillary gland, than the castration alone 
did. Where the adrenalectomy was incomplete, and small 
adrenal fragments were still present this atrophy did not 
occur (83)o 
Ernrnelin has stated that prolonged administration of 
drugs, which prevent the release of neurotransmitters from 
the nerve endings, cause a supersensitivity much more pro-
nounced than that obtained by severing the preganglionic 
autonomic fibers and thus disconnecting the gland from the 
central nervous system {32). These observations would tend 
to demonstrate that the transmitter agents are released from 
the fiber endings even in the absence of secretory impulses 
of central nervous system origino 
Rosenman showed that during the alarm reaction pro-
duced by repeated injections of turpentine, the submaxillary 
glands showed a decrease in the granularity of the acinar 
cells, an increase in granularity of the ductal cells, and a 
decrease in interacinar connective tissue. · ·As would be 
expected~ during the stage of resistance, the ductal cells 
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showed a decrease in granules with little acinar change . (84). 
Similar alterations of both acini and ductal cells have been 
reported by Bixler£!:, s,! (11) and Sreebny (95) in that hypo-
physectorny caused a decrease in granules in both acini and 
cells of the secretory ductso Shklar found that cortisone 
injections caused a decrease of interacinar tissue (84). 
It is interesting to note that the majority of studies deal-
ing with the activity of the secretory duct granules are 
concerned with the relation~hip between these granules and 
the proteolytic activity of the gland. Bixler and Sreebny 
seem to be in accord with the hypothesis that these granules 
are not only related to the proteolytic activity of the 
salivary glands but are also responsible for it (11, 84, 
95). In line with this thought, acute pilocarpine stimu-
lation produced a marked elevation of submaxillary gland 
protease (89). However, pilocarpine produces no change in 
the mitotic activity of thegland (1). 
Further alterations in salivary flow are noted by 
changes in intracellular hydration, changes in salivary 
gland blood flow, changes in metabolic composition of intra-
and extracullular fluid and by gastric and oral factors (49). 
Holmes has noted significant reductions in salivary flow in 
dehydration and untreated diabetes insipidus (49). 
Atropine in large amounts will increase the peri-
pheral circulation of the rato Atropine has also been 
shown to be capable of inhibiting protein synthesis and to 
., 
; 
inhibit granulation tissue formation (51). Junqueira and 
associates have deduced from a series of investigations in 
1958 that atropine acts on the "extrusion" phase of cell 
secret.ion, as contrasted to the "ingestion" or "synthesis 11 
phases (56). 
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Injections of atropine may completely abolish the 
secretory response to nervous stimulation (99). It is so 
dramatic that salivary secretion and vasodilation due to 
injected acetylcholine may even be blocked by atropine (24). 
If the injections of atropine are continued over a period 
of several days there appears a "supersensitivity" of the 
gland cells to chemical stimuli. This hypersensitivity 
reaction is similar to the one seen after sectioning of the 
chordi tympani. Thus, a rat treated for some time with 
atropine will exhibit a "paralytic secretion" under the same 
experimental conditions as a rat with severed chordi 
tympani . (32). 
The most characteristic changes observed in the gland 
after chordi tympani sectioning, appears to be a decrease in 
size, appearance of vacuoles and loss of granules in serous 
cells. However, with repeated injections of atropine over 
a period of "several days," Emmelin and coworkers found an 
absence of signs of restitution of the acinar cells and a 
striking accumulation of granules (32). This apparent 
atrophy was also observed by Stahl as a reaction to oral 
injury, not atropine. He reported a decrease in the granular 
I· 
.. 
; 
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content of the intralobular ducts (96). 
Contrary to the above work, Scott and Pease have 
noted that the submaxillary gland did not respond to acute 
atropine administration with any dramatic variation in 
ultrastructure, as visualized under the electron microscope. 
They found that immediately after atropine administration, 
the acinar cells showed a distinct storage phase. This 
observation is similar to that of Emrnelin and their histori-
cal review of the foreign literature. However, Scott and 
Pease continue on to state that later there was a greater 
amount of formed secretory granules and that after four 
hours these granules coalesced into a mass which entirely 
filled the cell, as viewed under the electron miscroscope 
(87) • 
Molnar and associates very recently noted a complete 
variance to the work of Emmelin who stated that atropine 
therapy may produce changes similar to that obtained by 
sectioning the chordi tympani. They first note that Molnar 
earlier reported that after sectioning the chordi tympani 
there was a resultant thirty-two per cent decrease in total 
RNA. In this most recent study, however, they found a four-
teen per cent increase in RNA content of atropine treated 
glands. However, this may be explained in that prior to 
chronic atropine treatment, all animals were operated for 
the removal of one gland to be used for a control; that is, 
for a determination of RNA with no atropine administration. 
I 
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It is to be remembered that the operation, itself, may have 
produced a remarkable change in the RNA activity of the 
remaining gland irrespective of any other treatment. Molnar 
noted that the rat has an ability to become refractive to 
the action of atropine, and therefore, he increased his 
dosage from one to eleven milligrans per kilogram of body 
weight during the eleven day duration of his experiment (74). 
This fact was also noted by Houck (51) • 
III. Experimental Materials 
• 
I I 
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Colchicine 
Colchicine is a poisonous alkaloid present in the 
underground portion of the autumn crocus plant, Colchicum 
autumnale. Since the times of the Byzantines it has been 
used for the treatment of acute gouty arthritis (69}. Pre-
sently, its clinical use is threefold: to prevent recur-
ranees of acute attacks when these occur more than two or 
three times per year; to abort impending attacks of acute 
gout; and to terminate fully developed attacks (88}. Fre-
quently, though, the drug is ill tolerated causing vomiting 
and diarrhea (43). 
Colchicine and its derivatives are used experi-
mentally to disturb the separation of mitotic chromosomes 
under the influence of the spindle. They partially destroy 
the fibrillar structure of the spindle and the resulting 
atrophic spindle, or semi-spindle, is unable to move the 
chromosomes toward their respective poleso Therefore, by 
applying colchicine it is possible to bring about an arrest 
of mitosis, and to destroy dividing cells without irrepar-
able injury to resting cellso The accumulation of arrested 
mitosis, then, is brought about by the failure of the 
spindle to form and function in the normal manner. 
While mitotic counts with and without colchicine do 
not allow one to trace the migration of cells that have 
undergone division, as may be done with autoradiography with 
tritiated thymidine, it does have a value in estimating 
I t 
' 
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turnover time of a tissue with a high mitotic activity. The 
greatest value of colchicine is that it is a relatively easy 
way to determine which cells are dividing, and therefore, it 
emphasizes regions of high mitotic activity (62). 
The description of the effects of colchicine on 
mitosis by Dustin and Lits in 1934 stimulated a multitude of 
articles during the next years. These two authors noted 
that in 1889 B. Pernice, with pictures as well as with text, 
had correctly observed in considerable detail the cytologi-
cal action of colchicine in the gastric mucosa of dogs. 
They also noted that not until forty-five years later were 
the mitotic abnormalities again described (31). 
Therefore, in 1934, Dustin, and then a few months 
later, Lits were the first to study the action of colchicine 
as a mitotic poisono The nature of its action has been 
further examined by Ludford (39). These men have shown that 
colchicine arrests cell division during metaphase and that 
it maintains the affected cells in this phase of mitosis for 
a period of time after administration. It is, of course, 
most readily seen in tissues in which the mitotic rate is 
high; for instance, the intestinal glands, tumors, and 
regenerating liver. Dustin reported that according to the 
extent of the toxic action on the cells, they either become 
necrotic or recover enough to complete cell division (69). 
In 1936 Ludford stated that the accumulation of 
arrested mitoses was due to the failure of spindle formation. 
r 
' 
. 
I , 
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The chromosomes were formed, split, and: ready to be separ-
ated, but the spindle required to separate them could not 
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be visualized. The chromosomes then became distorted and 
usually formed a single rounded mass of chromation clustered 
together in the center of the cell surrounded by a peri-
nuclear halo. This characteristic clustering is sometimes 
referred to as a colchicine mitosis (69), colchicine aster, 
or colchicine figure (16). 
In 1936 Brues realized that the number of colchicine 
metaphases present in a tissue could be used as an index of 
its mitotic activity. He showed in the case of regenerating 
rat liver, in which the normal rate of cell division was 
known with reasonable accuracy (39), that under suitable 
conditions the number of mitoses seen in arrested metaphase 
after administration of colchicine over a given length of 
time is equal to the number of mitoses which would normally 
have occurred and gone on to completion during that time. 
He proved that not only was there no stimulation of mitosis 
with the use of colchicine, but that colchicine also halts 
all divisions of nuclei at metaphase without affecting the 
rate at which the divisions occur (17). Leblond and Stevens 
' 
reiterated that colchicine stops normally occurring cell 
divisions at metaphase without influencing the rate at which 
the mitoses occur . (65). 
It should be remembered that there is no stimulatory 
effect on mitosis--the drug acts merely to block cell 
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division at metaphase. Preliminary investigations by Havas 
and Gal showed an increased rate of cell division in animals 
after an injection of colchicine (43). However, more recent 
experiments indicate that the great increase in the number 
of mitotic figures results primarily from an accumulation 
of arrested mitoses rather than from a stimulation of mitoses 
as originally thought (97). Thus cells start to divide and 
the chromosomes split, but the mechanism for separating them, 
the spindles, do not operate. More and more cells reach 
this stage and proceed no further. Thus, the principal 
reason for the large numbers of mitotic figures seen after 
treatment with colchicine is that cells proceed so far with 
mitosis but cannot complete it. 
When injected in suitable concentrations, colchicine 
halts mitosis in all cells. The organs and tissues of 
laboratory animals in which this action has been observed 
include the small intestine (SO), bone marrow (20), lymph 
nodes and spleen (70), epidermis (45), carcinomas (2) and 
sarcomas (68). The principal deviation from the normal 
course of mitosis in order of its increasing injury to the 
cells are listed below: 
1. Failure of some of the chromosomes to become 
attached to the spindle. 
2. Departure from the normal aster formations. The 
chromosomes are bunched together in the center of the cells. 
No spindles are evident. 
....- ... 
l 
' . 
' 
3. The chromosomes are scattered throughout the 
cytoplasm. 
4. Mitosis is completely blocked, with a clump of 
chromatin surrounded by a haloa 
It is the last of these which is most commonly observed in 
colchicine poisoningo 
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Foster has noted that colchicine produces a reduc-
tion in size and a condensation of the Golgi substance into 
one and sometimes more granular structures which frequently 
assume a ringlike form. He further stated that the effect 
on the parathyroid is to decrease the degree of dispersion 
of the Golgi material which is similar to the action of the 
parathormone itself (37). 
Mitoses arrested in metaphase may result in differ-
ent conseqµe~ces. The most common finding is that of 
pyknotic destruction, which may reconstruct itself into an 
achromatic figure. Least common of all in animals is the 
reconstruction of a polycentric figure and the production 
of monstrous nuclei-polyplo.idy (42). This is similar to the 
common finding of tetraploidy in plants grown in the presence 
of colchicine. This has even led to an unsuccessful inves-
tigation into the production of polyploidy in man (26). 
Hooper has listed the desired qualities of colchi-
cine in animal investigations: it has no effect on the 
initiation of mitosis or its duration prior to the precise 
' . 
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point at which arrest is effected; the drug acts on the 
cells immediately after injection; and the effect continues 
for several times the duration of metaphase, so for statis-
tical reasons, a large enough number of arrested divisions 
would be accumulated (SO). 
Colchicine is extremely rapidly cleared from the 
blood. Brues found that thirty seconds after an intravenous 
injection, it had appeared in the plasma of the tissues (18). 
Excretion of colchicine occurs through the kidney during the 
period of highest blood level. This urinary loss of colchi-
cine accounts for perhaps fifteen per cent of the total 
injected. It occurs mainly when the colchicine is injected 
intravenously rather than subcutaneously . (19). Colchicine 
appears in the bile almost immediately after it is injected. 
Since it also passes directly through the intestinal wall, 
a large percentage of the adminis~ered dose is in the small 
intestine for several hours. Therefore, the toxicity of 
the drug is due to this high intestinal concentration (18). 
In this way, the side effects of vomiting and diarrhea are 
readily understandable. 
Wallace has noted that with oral administration, 
colchicine is absorbed in the intestinal tract and delivered 
to the liver. Here it is incorporated into bile and dis-
charged into the intestine where some is reabsorbed again. 
He states that urinary excretion is reported by some 
I · 
. , 
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investigators and denied by others. He also states that it 
does not appear in measurable quantities in the brain, heart, 
or muscle (103). Back agrees with this and adds that it 
does appear in liver in small amounts and to a greater degree 
in intestine and kidney and an immense amount in the spleen 
It should be remembered, however, that the toxicity 
of this drug varies considerably from one species to another. 
For example, it is more than nine hundred times as toxic for 
the Guinea pig as for the Golden Hamster (36). 
Tri tia ted Thyrnidine 
Potter has observed that thymine is a poor precursor 
of DNA, while thymidine is a good precursor. The reason for 
this lies in the fact that thymidine is less readily broken 
down than is thymine (81). Thymidine is incorporated into 
DNA only at the time of synthesis, in preparation for cell 
division, and the radioactivity which can be attached to it 
is distributed to the daughter cells at mitosis. The activ-
ity which results in these daughter cells is stable for the 
life of the cell. 
Tritium is a radioactive isotope of hydrogen with 
one electron in its orbit. It contains the unstable combi-
nation of two neutrons and one proton (34). The use of tri-
tiated thymidine, or thymidine-H3, in locating cells about 
to divide is based on biochemical evidence that this 
substance is taken up into DNA during its premitotic 
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synthesis (64). After injection of tritiated thymidine, the 
1label appears in the DNA-containing parts of the cell; that 
is, the nucleus and chromosomes (63). 
Handloser has noted that tritium is an exceedingly 
safe material with which to work as long as tritiated water 
does not exceed the following maximum permissable concentra-
tions: (41) 
lo Water: 0.2 uC/ml 
2. Air: 2°00-S uC/ml 
3. Single Exposure Limits: 
a) Concentration of water ingested for one 
day to produce 0.3 rem/wk: sue/ml 
b) Concentration of air inhaled for one day 
to produce 0.3 rem/wk: 7.10-4 uC/ml 
c) Maximum permissible excretion rate: 
4•102 uC/day 
The characteristics of the radiation liberated by tritium 
is most importanto One must be constantly aware of these 
facts when examining any work done with this compound as 
well as when studying any criticism of a particular radio-
autographic techniqueo Handloser has also listed these 
characteristics: (41) 
Particle: beta (no gamma at all) 
Energy: Max: 18.Skev Mean: 5.Gkev 
Half-life: 12.5 years 
Particle range in air: 0.5mm (0.6mg/cm3) 
Particle range in photographic emulsions: 1 micron 
Disintegration products: He3 
Disintegration rate: 0.016%/day (from Lajtha and 
Oliver) 
I 
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There are some disadvantages in using tritium in a 
study. With tritiated thymidine about ninety per cent of 
the energy of the disintegrations taking place in a nucleus 
will be dissipated within that nucleus. This, then, means 
that longer exposure times will become necessary in order 
to compensate. It also means that the nucleus of the cell 
is getting a strong dose of radiation, unlike the stronger 
emitters which disintegrate mostly outside the cell. 
Because of the very short range of the beta particles as 
seen in the table above, the sensitivity for measuring the 
radioactivity is extremely low and variable. With high 
resolution methods, an overall efficiency of only about 2% 
of the beta particles which are emitted from the tissue sec-
tion during exposure are recorded. Therefore, a calculation 
of the absolute numbers of H3 atoms from the grain count 
over a cell is impossible (61). 
The combination of the low range of tritium beta 
particles and the thickness of ordinary tissue sections (5 
microns) enables some labelled cells to be seen microscopi-
cally, but are such a distance from the emulsion as to be 
invisible on the radioautogram. Therefore, Pickworth util-
ized the incorporation of extremely thin tissue sections (2 
microns) b~tween two layers of emulsion (80). This method 
utilized methacrylate as the embedding medium for the tissue. 
The method's chief advantage is for quantitative 
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determinations and correlation between the number of grains 
counted over a cell and the amount of radioactivity within 
that cell. Because, in the present study, we are going to 
determine the net (increase or decrease) change in the 
activity of the glands and study a comparison of the cells 
it was decided that this method was not necessary. 
Radiosulfate 
Comar has stated that in spite of the fact that the 
half-life of radioactive sulfur is commonly listed as 87.1 
days, the effective half-life is a mere eighteen days (23). 
This is quite significant as the material in this study was 
allowed to remain in the animals for a short period of time, 
after which the animals were sacrificed and the tissues were 
readied for dipping in the emulsion. Therefore, approxi-
mately ten of these eighteen days had already passed by the 
time a measurement of the nuclear emissions had even started. 
The emulsion was exposed for three to four weeks in addi-
tion. It seems logical, then, to theorize that a reliable 
measurement of this radioactivity would be, at best, most 
difficult to obtain. 
Nevertheless, the radioactive sulfate ion is known 
to be incorporated into the synthesis of sulfated mucopoly-
saccharides (75). Whether or not this fact can be demonstra-
ted on radioautographs without question, is a matter of 
debate. 
' 
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Spicer and Duvenic have found that radioactive sul-
fate was not incorporated into the submandibular gland of 
the mouse in spite of the observed presence of acid muco-
polysaccharides. Their observations of the literature 
revealed findings of sialomucin in some glands and sulfo-
mucin in others. They found that radioactive sulfate was 
not incorporated into the major salivary glands of the rat 
and their corresponding mucous acini or its secretions. 
They state that the ducts in the gland had in them a neutral 
polysaccharide which did not pick up any radiosulfate and 
which could not be demonstrated radioautographically (94). 
On the other hand, several investigators do believe 
that sodium sulfate is incorporated into the gland and its 
secretions. They apparently assume that radioautographs 
made after the injection of radioactive sodium sulfate 
might permit localization of sulfated mucopolysaccharides 
histologically since, they believe, the glands that produce 
sulfomucins incorporate the injected isotope quickly with a 
rapid turnover of the labeled mucin. To substantiate this, 
Belanger in 1954, investigated this problem. He found 
' 
that with extremely short exposures and intense reaction 
was observed within twenty-four hours after administration 
of the isotope. The major salivary glands showed an intense 
uptake of the radioactivity, while the mixed glands showed 
the presence of radioactive sulfur in the mucous portions 
of the acini. Belanger continued on to sununarize that one 
hour after the injection the radioactivity was localized to 
the distal portion of the acinar cells. At twenty-four 
hours the whole cell was radioactive. After two days it 
had spread to the lumen and into the excretory ducts. 
After four days, there was no more evidence of any radio-
active saliva. Therefore, all these localizations seem to 
be related to the building up and concentration of sulf<>-
polysaccharides (6). 
Thus, there are apparently some investigators who 
do believe that radioactive sulfate is incorporated into 
the synthesis of saliva. Although these researchers are in 
the vast minority, it was decided to base this whole facet 
of the present investigation upon the work of one investi-
gator, that being Belanger. 
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IV. Experimental Methods 
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Atropinization 
In this project, atropinization of fifty rats was 
accomplished by utilizing 4.8 milligrans of atropine sul-
fate per one hundred milliliters of water. Groups of five 
week old male Sprague-Dawley rats weighing seventy-five to 
eighty grams initially, were allowed to drink atropinized 
water ad libitwn. The thirty control animals were allowed 
tap water ad libitum. All animals were placed in separate 
cages although they were classified into groups for study 
purposes. The atropinized water was supplied fresh once, 
and was then renewed twice more, each week. Water bottles 
of both groups were thoroughly washed each time the water 
was refreshed. 
The diet of all animals in the investigation con-
sisted of an unrestricted ration of course Purina chow. No 
attempt was made in this study to measure or correlate food 
intake. or water consumption, as this was believed to be 
accomplished independently of this investigation. 
Mitosis Arrest 
Colchicine is a relatively easy material with which 
to worko Smith has found that 115 degrees centigrade for 
thirty minutes is sufficient for proper sterilization. He 
claims colchicine is stable for six months if it is pro-
tected from the light. However, should it ·be stored in the 
light, the solution turns pale green with colorless crystals 
' 
of lwnicolchicine impurities. There is an accompanying 
drop in pH from 6.2 to 3o9 (93). 
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On the other hand, however, Van't Hof has stated 
that the solution must be made fresh just before each use, 
as it loses a portion of its effectiveness very rapidly, 
even when refrigerated (102)0 
'.rherefore, solutions were obtained immediately prior 
to each use and were sterilized for injection at that timeo 
Xn this way, any .loss of effectiveness would be held to a 
bare minimwn. 
Hooper has found that within thirty minutes intra-
venous administration of colchicine was better than sub-
cutaneous injections which have a reaction time of about 
fifteen minuteso Reaction time is defined as that period 
of time during which colchicine figures are observed in 
significant numbers (102)0 Hooper noted that at three hours 
there was no significant difference between intravenous ad-
ministration with subcutaneous and intraperitoneal. She 
also found that a divided dose of repeated smaller injec-
tions was no more effective than one single dose (SO). 
Colchicine was, therefore, administered intraperi-
toneally and subcutaneously and found to be approximately 
the same. '.rhe solution was obtained in amounts of one milli-
, 
gram (1/60 gram) and was diluted with sterile distilled water 
to make a solution of O.l milligram per o.s milliliters of 
water. This solution was injected intraperitoneally at a 
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dosage of Ool milligrams of colchicine per one hundred grams 
of body weighto 
Hooper has stated that the conditions for the use of 
colchicine must be examined separately for each tissue (50). 
The optimum time for sacrifice will, of course, vary directly 
with the mitotic activity of the organ as well as the lag 
time before the cells start to degenerate. For white blood 
cells or ileal epithelium, four hours was found to be the 
most ideal time for sacrifice (20). Storey found six hours 
better for plantar epithelium (97). Brues's famous experi-
ment on liver utilized eight hours (17). Bjork studied 
esophagus, trachea and bronchi and found eleven hours most 
suitable (12). Benitez, utilizing tissue cultures of rat 
areolar fibroblasts, used twenty hours (8). Finally, Wolf 
found six days exhibited the greatest stimulation of the 
adrenals and spleen (76). 
Experiments were carried out to investigate the 
cytological changes occurring at different intervals follow-
ing injections of colchicine into atropinized rats. Rats 
were injected intraperitoneally with 0.1 milligrams of col-
chicine per one hundred grams of body weight.. At intervals 
of six, twenty-.four, and forty-eight hours rats were sacri-
ficed and sections prepared of the salivary glands. ,:rhe 
results varied to a certain extent from animal to animal. 
In general, however, it was found that the greatest arrest 
of mitosis in the glands occurred soon after the injection, 
/ 
with the maximum effect being produced around forty-eight 
hours. It should be remembered that these were atropinized 
rats and were not water fed. 
The animals were all sacrificed at the same time of 
day as suggested by Milstein (73). 
Radioactivity 
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A single intraperitoneal injection of tritiated 
thymidine was administered to each control and experimental 
animal in a quantity equivalent to one microcurie per gram 
of body weight according to the method of Dale and Hunt (25). 
Again, these an~ls were all sacrificed at the same time of 
day, according to the method advocated by Milstein (73). 
Sodium sulfate was acquired and utilized the same day 
it was made radioactive and sterilized. A single intra-
peritoneal dose of ten microcuries was administered to each 
animal according to the method of Belanger (5). Since 
Belanger noted clearance of all radioactivity by four days, 
it may be assumed that any residua would demonstrate delayed 
extrusion of the salivary sulfopolysaccharides from the gland. 
Therefore, animals were sacrificed at two and four days after 
their single intraperitoneal injection of radioactive sodium 
sulfate. 
At two, four, and eight weeks, twelve atropinized 
and eight water fed animals were randomly selected from each 
of the two groups •. Four days prior to each sacrifice, three 
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atropinized and two water fed animals were injected with the 
sodium sulfate as previously described. Two days later, the 
following injections were made: two more water fed and 
three more atropinized rats were injected with sodium sul-
fate; two water and three atropine were injected with col-
chicine; arid two water and three atropine were injected with 
the thymidineo Therefore, twenty animals were sacrificed 
each timeo This included three experimental and two control 
from each of the four groups listed above. 
Histology 
The animals met their demise by means of intraperi-
toneal administration of five per cent pentobarbitol sodium 
(Veterinary) • The submandibular and major sublingual glands 
were extirpated according to the now c.lassic technique of 
Cheyne first described in 1939 (22). 
After adequate fixation, the gland material was 
removed from the ten per cent formalin, dehydrated in the 
usual manner, and embedded in paraffin wax. All tissues 
were sectioned at five to seven microns in·thickness and 
stainedo The following stains were originally suggested as 
being of value to this study: 
1. Haematoxylin and eosin, to be used for scanning 
purposes for the colchicine sectionso 
2o Gomori-chromium haematoxylin phloxine, to be 
used for scanning purposes. This stain is similar to 
haematoxylin and eosin, however, it has the advantage 
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of being compatible with radioautography (82). 
3o Alum cochineal, to be used for scanning purposes. 
This stain affords excellent contrast to the silver 
granules of the radioautographs (27)o 
4o Feulgen-fast green, to be used for the detec-
tion of DNA (59). 
5. Methyl green pyronin, to be used for the visu-
alization of RNA (77)o 
6. Metanil yellow, to be used for the detection of 
the nucleus and cell wall (101). 
The preceding histochemical techniques follow those 
outlined by Thurston and Joftes as being compatible with 
radioautography (101). Control and experimental sections 
were stained simultaneously in all cases. 
Radioautography 
The terms 11autoradiography11 and 11 radioautography11 
refer to any method by which one may accurately map out the 
pattern of radioactivity contained in, or on, an object. 
The product of the technique utilized is called a radioauto-
grarn (55). Thus, when one maps out the pattern of radio-
activity of 1131 in a thyroid gland, one produces a radio-
autogram on the patient's skino Likewise, one may simply 
leave a thin .slice of the radioactive thyroid in contact· with 
a photographic plate which, when developed, will reveal the 
pattern of radioactivity. This too, is a radioautogram. 
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For the purpose of this study, however, attention will be 
confined to salivary glands bearing tritiated thymidine, the 
distribution and frequency of which will be visualized by 
photographic means at the microscopic levelo 
The amount of radiation which comes into contact 
with a photographic emulsion is proportional to the intensity 
of the beta ray source at any specified moment. However, the 
response of the emulsion is cumulativeo Therefore, it is the 
radiation liberated during a period of time that is the 
significant· factor. Ordinarily, exposure time must be limited 
in order to properly examine various doses of radiation (63). 
However, in this study we are not concerned with the various 
doses of radiation that the cells are liberating, but rather 
with how many cells are liberating it. Therefore, we will 
not be concerned with small exposure times. 
The path of a charged particle might be recognized 
as a track made by a row of developed silver bromide grains 
(46). The response of emulsi'ons to the radioactivity depends 
largely on the type of electron track liberated. Therefore, 
an alpha particle, which has a la~ge mass, moves in a 
straight line. This alpha particle produces a straight line 
of silver granules which are further apart at the origin than 
at the end of the track (34). The bet_a particle, on the 
other hand, is much smaller and is easily deflected from its 
original course. This, the resultant track is both twisting 
and winding and the granules are fairly far apart (54). 
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All monochromatic film emulsions consist of crystals 
of silver bromide suspended in a gelatin. There are, however, 
slight imperfections in the silver bromide crystals obtained 
by the trace amounts of sulfides placed by the manufacturer. 
When certain agents, such as light, ionization, mechanical 
energy, static pressure or chemicals, come into contact with 
an emulsion, and collides with atoms along its path, it 
renders the orbital electrons of the atoms through which it 
passes, either in an excited state or will more often eject 
them from the atoms (47). The sulfide imperfections, other-
wise called sensitivity specks or electron traps, react to 
the energy by concentrating the electrons liberated. Thus 
there is an accumulation of negative charges. These negative 
charges further attract positive silver ions which are then 
neutralized by the electrons to metallic silver (15). There-
fore, these charged crystals act as loci for the growth of 
nuclei of metallic silver, called latent images (34). 
The film emulsion is developed in a manner similar 
to radiographic films. That is, it is immersed in a solu-
tion which reduces the concentrated silver atoms much faster 
than it reduces the uneffected particles. Those particles 
of silver bromide which are not given the chance to bec ome 
reduced are then washed out of the emulsion by the acid 
fixer, which also hardens the emulsion. A track of ionizing 
radiation can then be noted by the trail of metallic silver 
atoms which remain. The radiation utilized in this study, 
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however, will only produce a trail of a fraction of a micron 
in length. For this reason, the developed emulsion will 
produce specks of silver rather than a trail. 
There are five major techniques mentioned in the 
literature for the processing of the emulsion. The first 
technique. to be developed was Contact Radioautography in 
1925 (46). Thirty-five millimeter film was cut to the size 
of the histologic slide and placed in intimate contact with 
the specimen. The film was then covered with another slide 
and bound under pressure. After exposure at four degrees 
centrigrade away from light, the film was separated from the 
slide and developed. After processing, the film strips were 
reapposed and rebound. This reapposition was so difficult to 
perform that it constituted a major drawback in that corre-
lation between the specimen and film was almost impos sible a t 
the microscopic level. 
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Fig. 1. Contact Radioautography (from Fitzgerald, 1953) 
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The second technique to be applied was the Mounting 
Technique. With this method, one mounted the histologic 
specimen on the film instead of the glass slide. Thus, the 
tissue was always in the same relation to the film. The big 
disadvantage to this was that the film had to be developed 
through the tissue section (14). 
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Fig. 2. Mounting Technique (from Fitzgerald, 1953) 
In 1947, Pelc reversed the mounting technique. The 
stripping emulsion was removed from its base and floated in 
water. The glass slide with the histologic section on it 
was then dipped under the emulsion in order to "catch" it. 
The slides were then exposed and developed. The emulsion, 
once floated onto the slide, was never again separated from 
it. This procedure allowed for better resolution since 
simultaneous viewing was possibl~. At that time, however, 
it was impossible to stain through the gelatin of the 
emulsion (72). 
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Fig. 3. Stripping Film (from Fitzgerald, 1953) 
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The fourth method, the Coating Technique, was intro-
duced by Belanger and Leblond in 1946 (7). Like Pele's 
method, the intimate contact provided by this technique 
between the emulsion and the tissue section underneath 
insured a high degree of resolution (72). Lantern slides 
(7), and later thirty-five millimeter film (4) were soaked 
in distilled water at room temperature. The emulsion was 
scraped from the central area after the gelatin had swelled 
from the hydration. After melting, a few drops of the emul-
sion were transferred to the preparation by means of an eye 
droppen. At first, it was advised to spread the emulsion 
evenly with a brush (7), but later it was conceded that this 
only produced air bubbles (4). In 1950, Belanger improved 
upon his method by inverting the layers under water after 
coating with the emulsion and developing it (3). This 
allowed for better ease of staining. The emulsion-tissue 
combination was separated from the glass slide by means of a 
blade. It was then floated off, turned upside down so that 
the celloidin was on top, and refloated onto a clean glass 
slide. A wet sable brush was used to smooth it down and 
remove air bubbles and wrinkles. 
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Fig. 4. Coating fechnique (from Fitzgerald, 1953) 
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About this time, nuclear emulsions were developed in 
order to pick up as much radiation as possible. Because of 
these new developments in nuclear track emulsions, Joftes 
and Warren, in 1955 1 were able to improve upon Belanger's 
Coating Method (56). In order to eliminate bubbles, Joftes 
merely dipped his slides into the bulk emulsion and wiped 
offthe excess. It is a variation of the Joftes Dipping 
Technique that is described and utilized in this study. 
4 2 
The nuclear track emulsions were introduced by the 
Eastman Kodak Company because ordinary emulsions have a 
relatively large grain size. For example, radiographic film 
grain size varies from 0.5 to 6 microns and contain about 
25-35% silver bromide by weight. Nuclear track emulsions, 
on the other hand, have grains averaging 0.25 microns with a 
maximum of 0.5 and contain 90-95% silver bromide. The 
larger particle size of radiographic film affords a much 
higher degree of sensitivity, but unfortunately a lower reso-
lution. A nuclear track emulsion has greater sensitivity due 
to the fine silver bromide grain content as well as the 
closeness of the packing of the grains. It also affords a 
high degree of resolution because of the smaller grain size. 
Such a close packing requires high concentrations of silver 
bromide in the gelatin (46, 55). 
Nuclear emulsions are available in many degrees of 
sensitivity. In order to ascending activity, Eastman Kodak 
has designated them as: NTA, NTB, NTB2, and NTB3. NTB2 was 
chosen for this study in preference to NTB3 because the 
latter has a higher initial background fog because of its 
acute sepsitivity (63). 
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As outlined above, a variation of the Joftes Dipping 
Method of coating and processing slides was utilized. 
Because of the wide variety of methods., with opinionated pro-
ponents of each, a rationale for each individual step is 
presented. This variation was found to work exceedingly well 
in the hands of this investigator with the materials which 
were available., and was found to be quite useful for this 
particular study. If individual grain counts were necessary, 
it might prove that this technique produces excessive fog • 
. 
However., since these were not required, this particular 
variation was selected for ease of processing with the 
limited materials at hand. The technique, as well as the 
rationale for each step, follows: 
After routine fixation in ten per cent buffered 
formalin, the tissues were embedded, sliced approximately 
six microns in thickness.,· and mounted on 3 x 1 inch slides. 
A definite attempt was made to place the tissue section 
within the striated area as depicted in Figure S. It is 
,-
Fig. 5. 
within the striated area that the emulsion is relatively 
uniform in silver concentration (63). 
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Routinely, staining was never done before the emul-
sion was applied, because the subsequent photographic pro-
cedures usually results in decolorization of the stains. 
However, if the dyes are retained, they may fog or desensi-
tize the emulsion (63). With certain special stains, though, 
it was necessary and permissible to prestain (101). 
Since tritium is such a weak emitter, the addition 
of even a one micron thick stain protective layer such as 
celloidin will greatly reduce the amount of radiation that 
can reach the emulsion (53). Therefore, it is better not to 
apply any protective coat, and instead, stain after the 
radioautogram has been developed (54). 
The emulsion bottle is uncovered immediately, and 
stored ·in a container made of a two inch diameter hard rubber 
pipe nipple with one end permanently closed. The inside of 
the pipe is ·coated with acrylic.to prevent free sulfur from 
the rubber from getting into the emulsion (53). The loading 
of this emulsion container is accomplished in darkness. If 
the emulsion is not to be used immediately, it is stored in 
the refrigerator. 
The mounted tissues are rehydrated after deparaffi-
nization to aid in obtaining even layers of emulsion which 
better adhere to the tissue and glass. As this is done, 
the emulsion container is taken from the refrigerator and 
placed in a water bath in order to make it more fluid and 
free of air bubbles (72). Otherwise artifacts in the layer 
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of emulsion are produced. Since this procedure may require 
more than an hour to produce the desired temperature it is 
permissible to do it under white light as the emulsion is 
still enclosed in the container. Leblond states that the 
emulsion gel melts at 33 degrees centigrade (63). He found 
that the layer deposited at 35 degrees was thick and uneven 
and that deposited above 50 degrees had a tendency for 
bubble formation and for increased danger of background fog. 
The layer deposited at 40-45 degrees was thinner and more 
uniform (72). Thus a temperature of 40 degrees was selected. 
The slides were dipped into the fluid emulsion under 
a safelight according to the technique of Joftes (56). The 
slides were removed in small groups from the water in which 
they were rehydrated. Care must be taken not to remove too 
many at one time, for if the last ones to be dipped in the 
group dry out first, there will be loss of cellular detail. 
The slide rack was propped up on the table in such a manner 
as to allow the water to drain off. Because silver bromide 
tends to settle out of the gelatin, and the gelatin tends to 
stratify, it is necessary to stir the emulsion thoroughly, 
but gently, in order not to introduce air bubbles. Each 
slide was dipped into the fluid emulsion for five seconds 
and allowed to drain for ten seconds onto a gauze pad. With 
ten second drainage, the dry layer thickness will be about 
5 microns according to Joftes (55). The bottom of the slide 
was then wiped clean and the slide stored horizontally until 
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the drying process was completed. 
Leblond stated that the emulsion layers obtained in 
the dipping method were found not to be uniform throughout~ 
so that quantification of the grains would not be accurate. 
He further stated that quantitative radioautography requires 
an emulsion layer which has not only the same density of 
silver bromide concentration, but also the same thickness. 
In order to obtain a fairly even layered emulsion, he dried 
his slides slowly (30 minutes) at 28 degrees centigrade with 
• 
80 per cent humidity (63). Leblond also dried his slides in 
a vertical position for a thin even layer of emulsion (72). 
On the other hand, Joftes has said that if the thin-
nest part of the emulsion layer, which is four microns, is 
thicker than the maximum range of the beta particle, which 
is one micron, then the question of the uniformity of layers 
is really academic. In effect, he states that the emulsion 
is uniformly available as far as the radiation is concerned 
and therefore, may be considered to be present as a uniform 
layer. Joftes reaffirms the fact that with tritium's range 
of one micron, quantitative analysis will be reliable (54). 
It is to be remembered, however, that for the purposes of 
this study quantification of grains is not included. 
Taylor has stated that the number of beta particles 
would be reduced to one per cent by the time they had pene-
trated 0.8 microns of emulsion. Therefore, nearly all grains 
produced will· be less than one micron from the source. The 
47 
beta particles will seldom activate more than 1 grain (100). 
However, Leblond stated that the closer the tissue is to the 
emulsion the more effective it will be. Therefore, tissue 
sections must be as thin as possible in order to have the 
best resolution (63). He contends that most beta particles 
have a range of one micron in water (which is less dense 
than emulsion)o However, because according to most authori-
ties, the range IN EMULSION is about one micron, it is 
generally conceded that unless one cuts their tissue 1 micron 
or less, only the surface cells will liberate radiation cap-
able of being detected on the radioautogram. Therefore, it 
is neither reasonable nor practical to have the histologic 
sections as thin as Leblond stated. 
After the slides are dipped into the emulsion, they 
are kept in a lightproof vapor tight plastic box which has 
trays for horizontal storage of slides and provisions for 
humidity control. Humidity control is of primary importance, 
since Messier and Leblond in 1957 showed various reactions at 
different levels of humidityo They found an intense reaction 
at zero per cent, a weak one at forty per cent, and no reac-
tion at ninety-five per cent humidity (72). Leblond quoted 
Al.boury and Faraggi as stating in 1949 that fading of the 
latent image is due to the oxidation and elimination of the 
' 
"photolytic silver" making up the latent image under the 
influence of oxygen in the presence of water (63). Therefore, 
I 
I 
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an attempt was made to eliminate all oxygen from the system 
as well as humidity in order to assure no fading of the 
latent image (47). Humidity was thus decreased to about 
fifteen per cent within the exposure box by means of Indi-
cating Drierite. Solid carbon dioxide was allowed to sublime 
in such a way as to force all room air out of the compartment 
and thus all oxygeno 
A vast majority of researchers allow their emulsions 
to be exposed only in a cold atmosphere, such as four 
degrees centigrade. As Leblond stated, after a five day 
exposure period there was no real difference between slides 
exposed at four degrees and those at twenty-five degrees. 
However, with increased time, the twenty-five degree ex~osed 
slides showed a progressive increase in fog (63). Fog is 
produced not only by stray radioactive emissions, but also 
by a wide variety of chemical influences, as well as lumin-
escent and pressure effects (47)o Joftes, on the other hand, 
argued that this reduction of fog at lower temperatures is 
due to a reduced sensitivity of the emulsion and that the 
proportion of fog to image remains the same (55). He goes 
on to say that the formation of the latent image is an 
electrochemical process; and, therefore, lowered temperatures 
in reality interfere with latent image formation (54). 
Because Joftes reported no real problem with fog in his 
technique, this researcher decided to test exposures at room 
temperature, eighteen to twenty-four degrees centigrade. 
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The pilot study did, indeed, reveal very little fog, so this 
technique was utilized. 
Controls were used for fog, however. Nonradioactive 
tissue slides were processed to account for possible arti-
facts as well as control slides bearing no tissue at all. 
Only if this control is negative is interpretation of that 
actual radioautograph permissible (47). The area of emulsion 
around each tissue slice was also considered to be a control 
area (104) and was mentally subtracted as one examined each 
radioactive areao 
Gross has found that the shorter the exposure time, 
the better the resolution. Over-exposure often results in a 
diffuse image (38}o This could result in overlapping of the 
image onto other adjacent cells which would falsify tabu-
lations. In order to control this, it was determined that 
three weeks was sufficient time to obtain a usable reaction--
a reaction strong enough to differentiate it from fog, yet 
small enough to stay within the outline of the subjacent 
cell. 
When the exposure period of about four weeks had 
elapsed, photographic development was performed. In order 
to prevent forcibly developing background fog, a compar-
atively short developing time of five minutes was used. The 
solutions used were Kodak D19 developer which provides a 
rapid, fine grain development, and Kodak Acid Fixer which 
hardens the emulsion as it fixes. Slides were allowed to 
remain in the fixer for five minutes, after which they were 
inserted into a cold tap water bath for one half hour. The 
developer, distilled water bath, and fixe~ were all at 
eighteen degrees centigrade, while the cold tap water bath 
was 15 degreeso 
so 
After a thorough washing, the slides which had pre-
viously been stained were covered with cover slips while all 
others were stained prior to mounting the cover slips. 
Tabulations 
The estimation of nuclear populations is open to a 
number of errors, and the precautions taken by Leblond in 
1948 were observed in this study also (65). In surmnary, 
these precautions consisted mainly of counting nuclei only 
if their greatest diameter was included in the section under 
examination. 
The number of mitoses were counted from a surface 
(A) of known size which was determined from a number of 
fields of vision. The nwnber of nuclei (C) was counted from 
several fields of vision--the total area of which was (B). 
The total number of nuclei (X) in the sample was simply 
X = ~ C. 
The field of vision was divided into twenty-five 
small squares by means of a Howard micrometer disc which was 
inserted into the ocular of the microscope. The number of 
cells in twenty-five squares were counted and averaged. 
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Thus, the average number of cells in one small square was 
determined to be twelve hundred cells per square. It has 
already been stated that there were twenty-five squares to a 
field. Therefore, the number of cells in a field were 
approximately thirty thousand cells. Five fields were 
counted on each slide. Thus, one hundred and fifty thousand 
cells were examined per slideo Since three slides were 
counted for each animal, the total number of cells examined 
for each animal approximated four hundred and fifty thousand. 
Therefore, in this manner the mitotic index was 
calc~lated. This may be defined as the ratio of the dividing 
cells over the total number of cells in the population. 
This mitotic frequency was expressed in mitoses per one or 
ten thousand nuclei according to the method of Alho (1). 
The cells which were undergoing mitosis were defined as 
those over which there was a cluster of silver granules in 
the emulsion, or those in which there was a colchicine 
figure. 
A hand clicking counter was used to tally the cells. 
Pilot Studies 
In order to test the accuracy of the various 
techniques chosen, and thus minimize several variables, a 
number of pilot studies were undertaken. 
The first pilot study utilized radioactive tissues 
obtained from the Eastman Dental Dispensary. These tissues 
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(lung, gut, lip, tongue, and kidney) were all known to be of 
good quality in that they had a minimum of background radi-
ation with excellent labeling. Radioactivity was produced 
in these nineteen day old rats by an intraperitoneal injec-
tion of tritiated thymidine. The animals were sacrificed at 
O, 1, 4, a, and 12 hours, fixed in ten per cent formalin and 
embedded in paraffino Radioautography, using the previously 
described variation of the Joftes Method, was utilized. 
Radioautographs of high quality resulted from this technique. 
The gut was of exceptional interes~, as it showed the pro-
gressive increase in labelled cells within the time limit of 
the study. From this pilot, it was decided to continue 
manufacturing radioautographs with the modification of the 
Joftes Method. The following staining was decided upon: 
Feulgen and Gomori were probably best done prior to the 
application of the emulsiono All other stains were best 
done afterwards. However, as applied, the methyl green, 
Feulgen and Gomori stains failed to produce a good result • 
. 
Having decided the methods with which to stain and 
having copfirmed the theory that this variation of the Joftes 
' 
Method of radioautography does indeed produce excellent 
results, another pilot study was outlined. The technique 
of producing the radioactivity was to be examined as well as 
when to sacrifice the animalso 
Administration of tritiated thymidine in the range 
of one microcurie per gram of body weight was accomplished 
• 
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on rats ranging in size from one hundred fifty to two hundred 
fifty grams. The animals were sacrificed at o, 1, 3, S, and 
7 hours and the submandibular glands were removed and placed 
in ten per cent buffered formalin. Staining with Feulgen 
and Gomori stains was finished prior to dipping the slides 
into the emulsion. The following stains were applied after 
the emulsion was developed: Hematoxylin and eosin, alum 
cochineal, methyl green, metanil yellow, Feulgen and Gomori. 
This time it was clearly evident that the Feulgen and 
Gomori stains should be applied prior to the emulsion. No 
other definite conclusions could be drawn from this pilot 
study, as there was a good deal of background fog on the 
control slides which indicated forced development of stray 
radiation other than that administered to the animals. How-
ever, the metanil yellow stain was eliminated at this point 
due to its incompatibility with the radioautographic technique. 
The next pilot study was to test when the ideal time 
of sacrifice was, as far as the glands were concerned, after 
the application of the tritiated thymidine. Colchicine was 
utilized for the first time as well. Atropine, 2.4 milli-
grams per one hundred milliliters of water, was ingested 
ad libitum for periods of two, four, and eight weeks. Tri-
tiated thymidine was administered forty-eight, twenty-four, 
and six hours prior to each sacrifice. Colchicine was 
administered six hours prior to each sacrifice intraperi-
toneally and subcutaneously. 
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'l'he observations which could be made from this study 
were manyo It did not matter which route the colchicine was 
administered. Therefore, the intraperitoneal injections was 
selected because of its comparative ease. 'l'he best time for 
the colchicine injection appeared to be longer than six 
hours. Due to the paucity of mitoses, it would seem advan-
tageous to allow them to accumulate for a longer period. 
This would, of course, endanger the life of the rat, for it 
would then become a lethal dose as there would be no replace-
ment of cells. Nevertheless, it was decided to allow the 
colchicine figures to accumulate for a period of forty-eight 
hours, if the animal could only live that long. This was 
not always the case, howevero For the same reasons, it was 
decided to allow twenty-four to forty-eight hours to pass 
between the tritiated thymidine injection and the demise of 
the animals. To simplify the injections, forty-eight hours 
between injection and sacrifice was selected for both the 
above injections. Satisfactory colchicine figures were 
obtained with 0.1 milligrams per one hundred grams of body 
weight. This dosage is the same as that mentioned in the 
literature for other organso Due to the highly critical pH 
necessary for the Feulgen and Methyl green stains, it was 
virtually impossible to show any RNA or DNA in any section. 
Therefore, it was necessary to discard these stains. 
The last pilot study utilized colchicine, radio-
active sodium sulfate, and tritiated thymidine. The 
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colchicine and thymidine was administered forty-eight hours 
prior to sacrifice in the dosages listed above. Atropine, 
4.8 milligrams per one hundred milliliters, was ingested 
for thirty days. Sodium sulfate was administered by means 
of a single intraperitoneal injection of ten microcuries 
twenty-four and forty-eight hours prior to sacrifice. 
The results of this last pilot study showed that at 
four days there was radioactivity within the experimental 
gland treated with sodium sulfate. In contrast to this, 
there was very little radioactivity observed within the 
control slides. However, the silver granules observed were 
spread out evenly through the tissue section. Therefore it 
was not determined which cells were causing the radioactivity. 
The thymidine sections showed activity within the ductal 
cells which was well localized. Lastly, the colchicine 
aspect of this preliminary investigation displayed baso-
philic accumulations spread out through the gland, which 
appeared to be located near the ducts. It was assumed that 
these clusters were necrotic colchicine asters with inflam-
' 
matory elements surrounding them. 
( 
l 
v. Observations and Results 
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Clinical 
Clinically the animals d;d not exhibit any physical 
changes as compared with the normal animalso However, nearly 
all atropinized animals did become progressively nervous and 
apprehensive to an extreme degree. This irratic behavior 
reached a peak at about the third week when the animals 
tended to run about the cages in spurts whenever they were 
approached by a human. Blowing on them caused them to jump 
• 
up and then crouch, ready to attack, whereas before, they 
merely were curious and came forward to investigate the new 
smell. 
It did seem apparent that there were more deaths 
among the water group than in the atropine group, that is, 
before any injections were attempted. It is most probable 
that this finding was coincidence, however, as the animals 
probably still had not as yet adjusted to their new environ-
ment in the first week. After two weeks, animal death 
occurred only by means of medication, a fact to be discussed 
more thoroughly belowo 
Although, near the end of the project, animal weights 
approached five hundred grams, there appeared to be no one 
group that consistently gained or lost weight. Any animal 
which was grossly underweight, as compared to the others, 
was assumed to be suffering from an illness, and was there-
fore, discarded for the purposes of this study • . 
, 
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It was extremely interesting to note that when col-
chicine was applied to the animals, the water group seemed 
to be overcome with the drug. This occurred within twenty-
four hours after the injection~ It was, therefore, exceed-
ingly difficult to obtain the necessary number of living 
animals forty-eight hours after the injection. As a result, 
several spare animals had to be injected each time. This 
effect did not take place at all in the experimental group 
taking atropine. These atropinized animals seemed quiet and 
appeared to be resting comfortably. If a sudden noise was 
made, these animals . jumped a little bit and reacted in the 
normal manner. 
On the other hand, the animals which had been given 
colchicine, seemed about to die. They were extremely 
lethargic and were unresponsive to noise. Even blowing on 
them produced no response at all, which was completely the 
opposite to the atropinized group. The water-fed colchicine 
animals may have been struggling at a previous time after the 
injection, for their nails were sometimes bloody. Many 
animals had clotting about their mouths and eyes. It was 
indeed most disagreeable to find these animals in a state of 
obvious suffering. 
Because the pilot study utilized only atropinized 
animals, this seemingly synergistic effect of water and 
colchicine had not been observed previously in this study. 
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As far as observation was concerned, this effect took place 
to some degree in every animal that was drinking water. It 
did not effect any animal that was on atropinized water. 
Therefore, it may be assumed that there is some relation, 
indeed, between the action of colchicine and atropine. That 
relation is, then, an interference in some way upon the 
action of colchicine by atropineo 
Morphological 
The morphological changes were studied by comparing 
the normal gland histology with that of the experimental 
group. During the entire experimental period, the submandi-
bular glands of the control animals appeared similar to the 
accepted histologic description of rat submandibular glands 
(98). 
In both control and experimental animals, most mitoses 
occurred in the ductal cells; few acinal labels were evident. 
This finding is indeed not in contrast to that reported in 
the literatureo There may be, therefore, a more rapid 
replacement cycle of ~he cells which line the lumina of the 
ducts. 
No exact morphological differences could be noted as 
far as the ductal and acinal cells were concerned. It might 
be possible that there was an appearance of some retention 
of fluid within the secretory ducts of the atropinized 
animals. However, the impression could not be substantiated, 
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as the differences were not clear cut. 
Likewise, there appeared to be an increase in the 
number of ducts throughout the glands of the experimental 
group. This may be possibly caused by the fact that the 
acinal cells have atrophied somewhat and have caused only a 
relative increase and not an actual increase. This same 
impression was gained from a study of the vascularity of the 
glands. The four week group especially, had a relative 
increase in size and number of vessels throughout the experi-
mental glands. 
Thus, the morphological changes observed were only 
impressions and, therefore, it may be stated that no exact 
differences were observed in this aspect of the investigation. 
Mitosis Arrest 
Mitotic arrest was examined by comparing the effect 
of colchicine in the control with that of the experimental 
group. As stated previously, approximately four hundred and 
fifty thousand cells from each animal were examined. The 
mitotic index was expressed as the number of colchicine 
figures per thirty thousand cells. 
In this project, the resultant colchicine figure 
appeared to be one nucleus which had been arrested in meta-
phase and which was now undergoing necrosis. This one 
nucleus at first appeared to be surrounded by a dense infla~ 
matory infi.ltrate of perhaps a dozen cells. This gave the 
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appearance of a small cluster of basophilic material. A 
very close inspection of these areas revealed that these 
might be fragmenting ductal cells. The basophilia was most 
certainly clumps of nuclei, which were obviously not acinal 
cells. They were usually located adjacent to ducts. The 
groupings of degenerating cells contained no cellular 
detail. They appeared all shrivelled up and were composed 
of nearly all nucleus with no apparent cytoplasm. The nuclei 
appeared to be undergoing pyknosis. It appeared that the 
ducts themselves were breaking up and the cells were now 
being liberated from the walls. It does seem possible that 
these clusters of nuclei were at one time ducts of some sort. 
This could mean that they were ducts or possibly were blood 
vessels. The only thing that did appear certain, however, 
was that they were not derived from acinal cells. The 
reader is referred to the appendix for photomictographs of 
the morphology of these clusters of nuclei. 
The clusters of basophilia were counted under medium 
power of the microscope, that is, 100 X. As stated previ-
ously, the grid inserted into the ocular .divided the field 
into twenty-five squares for ease of counting. Since there 
were about twelve hundred cells per square, there were 
approximately thirty thousand cells per field. Therefore, 
the data for colchicine mitotic arrest will be expressed as 
a ratio per thirty thousand cells. 
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The average number of clusters of basophilia observed 
for the atropinized animals declined from thirty-two at two 
weeks 1 to twenty-four at four weeks 1 to twenty an eight weeks. 
In contrast tothis 1 the water-fed group declined from forty-
seven at two weeks to thirty-three at eight weeks. Due to 
the fact that the four-week water-fed animals had died a few 
hours before the time of sacrifice, these animals could not 
be included in the tabulations. Therefore 1 for the atro-
pinized group it will be noticed that there was a decline of 
figures throughout the study. From two to four weeks there 
was a sharp drop1 and then there apparently was a leveling 
off of the number of figures. In all1 there was a decrease 
of a little more than one third from the beginning of the 
study to the end. 
A comparison of the atropinized animals to the con-
trol group reveals that the latter had more activity in the 
beginning and the end. However, the decline of the control 
group activity, again was apparently one third. This 
apparent constant may be considered as significant. 
The average number of figures for each animal in the 
colchicine aspect of this investigation can be seen in Table 1 
following: 
TABLE 1 
Week of Diet Colchicine 
Animal# Sacrifice Atropine Water Figures Average 
107 
108 
109 
110 
111 
127 
128 
129 
130 
131 
148 
149 
149A 
150 
151 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
8 
8 
8 
8 
8 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Died 
47.2 
Died 
Died 
Died 
20.0 
21 0 0 
19.0 
34.l 
31.2 
31.9 
47.2 
23.8 
None 
20.0 
32.6 
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Mitotic Activity 
Determination of mitotic activity was also investi-
gated by means of radioactive thymidine. 'l"he activity was 
measured by counting the accumulations of silver granules 
which appeared over radioactive cells in the resulting radio-
autographs, as observed under high power, that is, 430 x. 
As stated previously, the grid inserted into the ocular 
divided the field into twenty-five ~quares. Since there 
were about forty cells per field under this magnification, 
there were approximately one thousand cells per field. 
'l"herefore, the data collected for this aspect of the study 
will be expressed as a ratio of one thousand cells. 
The findings for the control group are in agreement 
with those in the mitotic arrest portion of the investigation. 
'l"hat is, from two to four to eight weeks there was a progres-
sive decline in activity. However, the decline was consider-
ably larger here than before. 'l"he eight-week figure was 
approximately· one-third that of the two-week figure. It 
w·ill be remembered that in the previous aspect the final 
figure was two-thirds that of the original. Nevertheless, 
there was a definite decline in the figures. 
'l"he aspect which is extremely puzzling is the 
comparison between the experimental figures throughout this 
phase of the investigation. In contrast to the expectancy 
that these would decrease, they do not~ This fact can not 
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be explained to any degreeo 
If one compares the experimental group with the con-
trol group within each sacrifice, it will again be noted 
that there is an extreme reduction in activity in the former. 
Yet, this is only true of the first two sacrifice periods. 
In the third sacrifice, howeve~, this finding is reversed. 
For the first time, it should be noticed that the atropine 
figure has become larger than the control group. 
The pattern of radioactivity observed was almost 
entirely over ductal cellso Although there were a few acinal 
cells labeled, the vast majority were over what appeared to 
be secretory ductso Collecting ducts and endothelial linings 
of the blood vessels were even less active than those of the 
acini. 
It was fairly common to find some areas of the gland 
relatively quite active while other areas were extremely 
poorly labeled in the same gland. An effort was made to 
take an average area and count consecutive fields within it. 
Although not always successfully, the effort was also made 
to travel ih a path in which there would be at least one 
label in a couple of fields. 
There was a slightly diffuse fogging to these sec-
tions, but all thymidine labels stood out quite clearly over 
the particular cells. The labels themselves appeared to be 
uniform in appearance. No light and dark labels were noted, 
. 
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indicating that these labels should be from cells readying 
themselves to divide, and not from simply a turnover of DNA. 
The average number of mitoses observed in each 
animal in this phase of the investigation follows in Table 2. 
Again, it should be remembered that these figures are the 
average number per thousand of fifteen thousand cells 
studied from each individual animal. 
TABLE 2 
Week of Diet 
Animal # Sacrifice Atropine Water Mitoses Average 
112 2 X 1.66 
113 2 X 0.93 1.11 
114 2 X 0.73 
115 2 X ~.66 5.09 
116 2 X 5.53 
134 4 X 3.66 
135 4 X 1.60 1.88 
136 4 X 0.40 
132 4 X 4.87 4.80 
133 4 X 4.73 
152 8 X 4.53 
153 8 X 1.73 2.73 
154 8 X 1.80 
154A 8 X 1.40 
155 8 X 1.87 1.87 
156 8 X 1.87 
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Secretory Flow 
The pattern of salivary secretion was studied by 
means of the radioactive tracer sodium sulfate s 35 and by a 
comparison of the experimental radioa~tographs with the con-
trol. Due to uncontrollable circumstances, the emulsion for 
the two-week animals did not arrive in time and old emulsion 
had to be utilized. This was in spite of the fact that it 
had been ordered weeks in advance. Apparently, the older 
emulsion was defective, as a dense, equally diffuse fogging 
was evident throughout all the slides for the first sacri-
fice. Therefore, these radioautographs had to be discarded 
as being unuseable. This was the only case of defective 
radioautographs throughout the whole project1 including the 
pilot studies. 
The rest of the radioautographs displayed a labeling 
which was spread out over the tissue, but absent from the 
other areas of the slides. Thus proving that the radio-
activity observed was from the tissue under observation, and 
not from any stray radiation nor f~om fogging due to 
ineffective emulsion. 
However, the radioactivity observed was equally dis-
tributed over ductal and acinal cells, between the lumina of 
the ducts as well as the arteries, and over the intercellu-
lar spaces. The majority of the labels were derived from 
beta emissions, as they were single silver granules. On the 
other hand, there were a few alpha emissions noted as well. 
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These were easily recognized as a track of silver granules 
which were spaced closer together at one end than the other. 
The closer the spacing, the slower the particle was travel-
ing. Therefore, the emissions started from the area of the 
widest spacing and continued, in the same plane, to that of 
the closer spacing. Since the particle may veer off the 
plane of the emulsion, the track observed could never be 
traced to its true source with any degree of reliability. 
In other words, the emulsion traces the particle in only two 
of the three dimensions. The third dimension is only the 
thickness of the emulsion, which has been estimated previ-
ously as being five microns. 
Because of the lack of any pattern to the radio-
activity observed in this aspect of the study,the only con-
clusion that could be drawn was that at two and four days 
after injections there does not appear to be any radioactive 
sodium sulfate within the gland to any great degree. This 
could mean that the material never reached the acinal cells, 
to be incorporated into the sulfopolysaccharides. On the 
other hand, it could mean that the material had already 
passed through the ducts by this time. If this latter case 
were so, then the observed radioactivity could be the residua 
of the salivary secretions. 
VI. Discussion 
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Clinical 
After what appears to be a thorough search of the 
literature, it was decided that the combination of colchicine 
and atropine has not been utilized previous to this study. 
These investigations seem to bear out the possibility that 
colchicine effects the normal animal in a manner which is 
quite different to that of the atropinized animal. 
Practically all the animals in this study which were 
used as controls were effected to an extreme degree by the 
colchicine. This is to be expected, for after all, this 
drug interferes with cell division. Because nearly all 
tissues are involved with cell turnover, this may be con-
sidered as .being essential to life. Since the sacrifice 
time was a fullforty-eight hours after colchicine was 
administered, the rats were obtained at or near death. As 
stated previously, these rats were obviously not in a state 
of comfort. They were dying a slow and what appeared to be, 
a painful death starting with the time of injection two days 
previous. It is most apparent that cells entering division 
were dying. 
Because of the vastness of the effect, and the short 
duration of time, it may be theorized that colchicine in 
this study, changed the rate at which the cells started to 
divide. Yet, such a theory is contrary to the studies which 
have been published to date. Brues, in 1936, apparently was 
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the first author to verify the fact that colchicine does not 
effect the rate at which cells enter into mitosis. He 
proved that not only was there no stimulation of mitosis 
with the use of colchicine, but that it also halts all 
divisions at metaphase without effecting the rate at which 
the divisions occur (17)o Leblond and Stevens in 1948 also 
proved the same theory to be correct (6S)o Even though 
their findings are contrary to the preliminary findings of 
Havas and Gal (43) they are generally assumed to be the more 
correct (97). Nevertheless, it is apparent that colchicine 
did effect these animals to an extreme degree. 
The atropinized rats, however, were not as greatly 
effected. These rats were slightly hypersensitive, but were 
nowhere near death as were the others. Microscopically, 
these rats did show colchicine figures, but these were fairly 
sparse in comparison and did seem to be consistent with life. 
There thus seems to be an antagonistic relationship 
between atropine and colchicine. This antagonism may be in 
the absorption of the drug, transportation of it to the cell, 
or in the metabolism at the organ. As stated above, there 
appears to be no method of determining this relationship 
from the literature examined in the course of this investi-
gation. 
Therefore, it is the opinion and theory of this 
investigator that the effect of colchicine on the control 
I ; 
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group of animals which were drinking pure water, was the 
result of the drug itself. Because the atropine group was 
not effected to any great degree, it does seem apparent 
that atropine somehow interferes with the absorption and/or 
utilization of the drug colchicine. This may have some 
import clinically for those patients on chronic atropine 
therapy who are afflicted with a simultaneous attack of 
gouty arthritis. 
Morphology 
Throughout this study, the morphology of the experi-
mental salivary glands evidently retained all the character-
istics of the accepted normal. 'l'he distinct decrease in the 
granular content of the intralobular ducts reported by Stahl 
was not evident to this investigator. Stahl noted that this 
decrease in granularity became more evident two days follow-
ing gingival and pulpal injury and continued to be observed 
two to fourteen days thereafter (96). It may be theorized 
that the atropinized rats presently being studied were not 
observed microscopically until fourteen days after the 
initiatio~ of the atropine therapy and were therefore beyond 
the scope of Stahl's observations. 
It very well may be that a single moderate or lar.ge 
does of atropine could produce changes in the submandihular 
gland similar to those reported by Emmelin (33). He found 
that after a moderate dose, the gland cells were found to be 
73 
at rest, storing granular material, similar to that of Stahl. 
He also found that repeated injections of atropine over a 
period of several days produced an "absence of cell restitu-
tion" and an accumulation of granular material. This latter 
finding seems to be a contradiction of Stahl's first impres-
siono However, it may be readily explained by the fact that 
Stahl's injury was single and Emmelin's last mentioned find-
ing was based on multiple doses. 
In all of the literature written by Wells on the 
subject of the effects of adrenergic blocking agents, that 
most related to the present investigation was published in 
1960 (106). In this publication, the author states that he 
found "a profound atrophy of the glands. 11 Because this has 
never been amplified, it is most difficult to state the 
differences between the present investigation and that of 
Wells. 
Although Scott and Pease found pronounced changes in 
the suhmanqibular acinar cells under the influence of pilo-
carpine, they note that the gland did not respond to 
atropine with any dramatic variation in ultrastructure as 
viewed with the electron microscope (87). They have 
mentioned that the storage phase or granularity only lasts 
for about four hours. After that time, there were no exact 
differences 0 This seems to be in complete agreement with 
the present investigation in spite of the fact that Scott 
74 
and Pease utilized an acute atropine insult to the animal. 
With . ' ligation of the duct, Bourne reported a 
cessation of secretion, disappearance of granules, decrease 
in size of the cells and glands as a whole, and a corres-
ponding decrease in enzyme activities (48). But what is 
most important, he states that the gland does not undergo 
any degenerative processes, As mentioned previously, an 
impression of a decrease in cell size was obtained at four 
weeks after the commencement of this project, However, this 
had no real basis, for no exact comparisons were utilized. 
This impression was not evident at eight weeks, however. 
This could be explained by the fact that Houck mentions that 
the rat has a definite ability to become refractive to the 
actions of atropine (51). Emmelin has mentioned the 11 super-
sensitivity11 after atropine therapy (33). Therefore, this 
investigation may provide some evidence to dramatize this, 
in that there was an impression of atrophy at four weeks, 
but none at eight . However, it is evident that these impres-
sions and interpretations are still conjecture only. 
This study; then, concurs with the majority of the 
literature, in tha t atropine produces no profound, no real 
effect on the morphology of the submandibular gland of the 
rat. The only distinct contradiction to this is the report 
by Peronace and coworkers (79). They reported in 1964, that 
parasympathetic denervation resulted in a progressive atrophy 
of every structure, more severe in the acini than in the 
ducts, along with fibrosis of the glands. They also found 
necrosis. The difference in their findings with the rest 
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of the literature examined, cannot be readily explained 
other than the fact that all the other reports may be classi-
fied as acute. This investigation may be classified as more 
chronic, but atropine in this project still effected the 
glands for less than eight weeks. It, therefore, was not a 
complete blockade, nor was it lasting. Parasympathetic 
denervation, on the other hand, is not only complete, but it 
lasts. Even though it is minimal, atropinization neverthe-
less does allow some function and therefore, may prevent the 
changes noted by Peronace. 
Mitosis Arrest 
The activity of colchicine in this investigation may 
have been threefold as far as the histology is concerned. 
It is evident from the photomicrographs that colchicine did 
cause a disturbance in the histologic morphological patterns 
of the salivary glands. The most obvious disturbance was 
the clusters of basophilic nuclei which were counted and 
tabulated elsewhere. Figure 8, in the appendix, depicts 
quite clearly the characteristics of the basophilic figures. 
Havas has noted that mitoses arrested in metaphase 
by means of colchicine do result in pyknotic destruction (42). 
Therefore, the pyknotic nuclei seen in Figure 8 may be con-
sidered as colchicine figures which were probably formed 
after the injection of the colchicine. Figure 9 represents 
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a figure formed immediately prior to the sacrifice of the 
animal. On the other hand, the achromatic accumulations of 
nuclei seen in Figure 10 represents the colchicine figures 
which Havas and Foster both state sometimes occur (37, 42). 
Havas has noted that the achromasia is a fairly common find-
ing with old colchicine figures. Therefore, these figures 
were probably formed immediately after the injections. 
Thus, the oldest figures may be achromatic, the more recent 
ones deeply basophilic, and the most recent ones are of the 
single nucleus halted in metaphase. As stated previously, 
examples of each of these may be found in the appendix. 
An examination and comparison of the tabulations 
shows that there apparently was a constant of one-third 
from the start to the end of the investigation. It is 
believed that this constant decrease may be attributed to 
the fact that at the time of the commencement of this 
investigation the morphologic maturity of the glands had not 
as yet been attained, according to the reports in the liter-
ature (52, 66, 67). These investigations have shown that 
animals of this age still do not have complete formation of 
the submandibular gland in contrast to the sublingual gland 
which is fully formed at birth even though it naturally is 
not mature. Therefore, this decline in activity is most 
probably physiologic. Because of this, one would naturally 
expect a leveling out in activity, as was evidenced here. 
Thus, this constant decrease by one-third may be disregarded 
as a physiologic decrease in activity observed in both 
experimental and control animals. 
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The significant figures, then, are those within each 
sacrifice group. The activity of the atropinized animals is 
definitely less than that of the control group both in the 
two-week as well as in the eight-week groups. Even though 
rounding off figures can be most misleading, the figures in 
the two-week group were changed from 3lo9 and 47.2 to thirty-
two and forty-eight respectivelyo The ratio of these, then, 
is quite clearly two to threeo Now, if the same thing is 
done to the eight-week figures, the ratio is again roughly 
two to threeo It, therefore, can be said that under these 
experimental conditions, the activity of the atropinized rat 
gland when measured by means of colchicine mitotic arrest is 
two-thirds that of the control gland. 
As stated previously, the above finding cannot be 
adequately compared to the literature, for the colchicine 
mitotic arrest technique has not been used before to measure 
activity of these glands. 
Mitotic Activity 
The decrease in mitoses of the control .group found 
in the radioautographic portion of this investigation from 
the second to the eighth week has already been discussed. 
That is, the decrease has been attributed to the fact that 
the gland has not fully developed at the time of the 
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conunencement of this investigation. Therefore, the cells 
are still dividing in order to reach full development, and 
then later complete maturationo In contrast to this, the 
sublingual gland, although not fully mature at this stage, 
is fully developedo Unfortunately, it cannot be adequately 
explained why the experimental animals did not follow the 
same routine as the control group in this regard. 
The extreme decline of activity within the various 
time periods is to be expectedo Since the functional demands 
are quite less, the gland needs a lesser number of cells to 
function adequatelyo As far as the third sacrifice is con-
cerned, if the first animal is deleted on the basis that it 
is ~ay out of proportion to the other~ then the average 
changes to lo64, which is obviously ·less than the control. 
The fact stands out that if these figures are manipulated, 
this portion of the investigation can follow the rest of the 
paper. The fact does remain, however, that there are dis-
crepancies and that these cannot be adequately explained. 
The only apparent reason for the reversal of the 
relationship between the experimental and control glands in 
the eighth week is that the experimental animal has now 
become refractive to the action of atropine and is now making 
up the original deficit. If this were true, however, it 
should have also been observed in the mitotic arrest portion 
of this investigationo 
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Pelc has stated in a symposium on cell proliferation, 
published in 1963, that there are two types of labels with 
tritiated thyrnidine: those that are heavily labeled and 
those that are lightly labeled. He believes that those cells 
that are · lightly labeled are not readying themselves for 
division, but are merely displaying DNA turnover. On the 
other hand, those that are more heavily labeled are about to 
mitose. In this article, the labels displayed are exceedingly 
heavy and very light. The exposure times were noted as very 
much longer than those utilized in the present investigation. 
'l'he four-week exposure time utilized here produced 
labels which were all very light in comparison to Pele's 
labels. It may then be fairly safe to assume that if these 
sections were exposed for a longer period, Pele's lighter 
labeling would then appear and then there would be two types 
of labels, with possibly the two different reasons for them 
as mentioned above. However, the labels produced with this 
procedure were all uniform in strength. Thus, it has been 
assumed that the labels seen were all assumed to be labels 
which were concerned with cell division. 
Secretory Flow 
The lack of any discreet pattern to the radioactivity 
observed within the submandibular glands due to the presence 
of radiosulfate, seems to bear out the suggestions made by 
Spicer and Duvenic (94). This study does seem to agree with 
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their findings that radioactive sulfate was not incorporated 
into the major salivary glands of the rat. 
It cannot be denied, however, that some radioactivity 
was observed, which, it is believed, was not merely fog. 
Radiosulfate is known to emit not only beta emissions, but a 
few alpha emissions as well. The radioautographs obtained 
in this investigation did have a few alpha tracks among the 
large number of equally diffuse beta emissions. Therefore, 
it does seem apparent to this investigator that perhaps some 
of the radioactivity did indeed reach the glands in question. 
The similarity in the observed radioaµtographs to the known 
type of emissions of radioactive · sodium sulfate is too 
coincidental. 
It also cannot be denied that the emissions observed 
had no pattern whatsoever to them. They were observed over 
almost every type of cell contained within the subrnandibular 
salivary gland of the rat. • This lack of any pattern may 
suggest perhaps that the material had already passed out of 
the gland. This is in contradiction to Belanger's first 
reports (6). These reports stated quite definitely that the 
material had spread into the lurnina of the acinal cells and 
into the excretory ducts two days after the injections. It 
• 
also states quite clearly that the material had passed out 
of the gland by four days. This does seem to be a long t~. 
Yet if these reports are reliable, then there should have 
been some more definite trace of radioactive sulfate in these 
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animals under investigation in this study. In another paper 
in the New York Academy of Sciences, Belanger reports radio-
active sulfate in the glands by two hours. If this is so, 
then the sacrifice times utilized in this investigation were 
completely out of line. 
Therefore, it is suggested that this a~pect of the 
pattern of salivary secretion under the influence of atropine 
be repeated. It would seem most advantageous if another 
material could be obtained which would produce a more finite 
label to the underlying tissues. If this were not found 
possible, then a more thoroughly controlled project utilizing 
radioactive sulfate should be formulated. The first topic of 
this project should be to study the pattern of radioactivity 
resulting from sacrifices ranging from one-half hour to forty-
eight hours. In this way, a clearer picture may be obtained 
in this confusing aspect of the literature. 
Sununa~y 
To summarize the various aspects of this discussion 
of the results obtained in this investigation then, it would 
definitely appear that atropine does have an adverse effect 
on the submandibular gland of the rat. Emmelin reports a 
definite change in the morphology of the cell for several 
days of atropine administration (33). This investigation 
does show that there is a decrease in mitotic activity of 
the gland subsequent to atropinization for a more extended 
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period of time. 
Thus, the experimental gland has exhibited a form 
of atrophy. This is to be expected because the salivary 
glands and their secretions do not constitute biologically 
unique systems. Rather, they are particular examples of 
organs and organ products which, although specialized, are 
analogous to other organ systems. When the functional re-
quirements of other organ systems decrease for any prolonged 
period of time, it is the tendency for them all to atrophy. 
This is especially true of muscle systems, which are the 
prime examples of atrophy and hypertrophy resultant to 
functional requirements. 
It is suggested that another experiment be formulated 
to further investigate the effect on the salivary gland of 
progressively increasing doses of atropine. This should 
overcome the well-known ability of the rat to become re-
fractive to the action of atropine (51). It would also be 
interesting to note the gland size and weight changes due to 
atropinization. It has also been suggested above that the 
exact relation of colchicine to atropine and the pattern of 
salivary secretory flow utilizing radioactive tracer 
compounds under the atropine regime be further investigated. 
VII. Summary and Conclusions 
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Groups of rats were permitted to injest a solution 
of atropine sulfate ad libitum for periods ranging to eight 
weeks. 
Clinical observations reveal that there is some 
relationship between the actions of atropine and colchicine. 
It was theorized that atropine interferes with the absorption 
or utilization of the drug colchicine. 
The glandular morphological changes were studied by 
comparing the normal gland histology with that of the con-
trol groupo No distinct differences could be r.oted between 
the atropinized and the control animalso 
The mitotic activity of the glandular cells was 
studied by means of injections of colchicine and radioactive 
thymidine. A definite decrease in activity of the experi-
mental gland was observed. 
The rate of the secretory flow was studied by means 
of radioactive sodium sulfateo The resultant microscopic 
experimental ratioautographs were compared to the control 
group. Because a distinct pattern of radioactivity was not 
achieved, no exact conclusions could be drawn. 
It is suggested that other experiments be formulated 
to further investigate: 
1. The exact relationship of atropine to colchicine. 
2. The effect on the salivary glands of progres-
sively increasing doses of atropine in order to overcome 
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the ability of the rat to become refractive to atropine. 
3. The pattern of salivary secretory flow utiliz-
ing radioactive tracer compounds. 
VIII • Appendix 
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Figure 6. Photomicrograph from the first pilot study in 
which gut tissue known to be of good radioautographic 
quality was used to study the modifications of the Joftes 
Dipping Method. Haematoxylin and eosin. Original magni-
fications 100 and 430 X. 
Figure 7. 
eosin and 
100 x. 
A comparison between the Haematoxylin and 
the Gomori stains. Original magnifications 
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Figure 8. Photomicrograph of a two-week atropinized 
animal forty-eight hours after the injection of colchicine. 
Note the tendency for pyknotic cells to cluster about the 
degenerating nuclei. Haematoxylin and eosin. Original 
magnifications 100, 430, and 970 x. 
Figure 9. A high power photomicrograph of a water-fed 
animal which was injected with colchicine and sacrificed 
two weeks after the investigation commenced. Note the 
perfect display of a colchicine figure in the center of 
the field. It has been described in the literature as a 
cluster of basophilic chromosomes with a perinuclear halo. 
Elsewhere can be seen clusters of degenerating nuclei, 
which, at first glance, may not be obvious. Haematoxylin 
and eosin. Original magnification 430 x. 
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Figure 10. Photomicrograph of an eight-week, water-fed 
animal displaying areas of achromasia which were inter-
preted as the more aged mitotic arrest. Haematoxylin 
and eosin. Original magnification 430 X. 
Figure 11. Photomicrograph of an eight-week, atropinized 
animal. Note the great number of ducts relative to the 
infrequent acini. There may be a suggestion of less 
granulation of the secretory ducts. Haematoxylin and 
eosin. Original magnifications 100 and 430 X. 
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Figure 12. A ~adioautograph of a two-week water-fed 
animal which was injected with tritiated thymidine . The 
average number of mitoses seen in this group was five per 
field. Note the predominance of the ductal labels. This 
animal may be compared to the one below. Haematoxylin 
and eosin. Original magnifications 100 and 430 x. 
Figure 13. A ratioautograph of a two-week atropinized 
animal injected with tritiated thymidine also. The 
average number of labels noted were two per field. There 
may be a very slight suggestion here of smaller acini 
when compared to the above photomicrograph. Haematoxylin 
and eosin. Original magnifications 100 and 430 x. 
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Figure 14. Comparative photomicrographs of the four-week 
animalso The left photograph depicts the water-fed animal 
whose ducts may appear slightly more patent than the 
atropinized one on the right. Haematoxylin and eosin. 
Original magnification 430 x. 
Figure 15. Comparative radioautographs of the four-week 
animals. The left photograph depicts the water-fed animal 
whose labels were four per field compared to the one per 
field of the atropinized animal. Note the excellent con-
trast of the stain to the silver granules, although 
cellular detail is most difficult to discern. Alum 
cochineal. Original magnification 430 x. 
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Figure 16. Photomicrographs of an eight-week water-fed 
animal given tritiated thymidine. Note that with this 
stain silver granules, even fog, are most difficult to 
ascertain, even under higher powers. There is an 
apparent increase in the number of ducts, probably brought 
out by the decrease in the size of the acini • . Haematoxylin 
and eosin. Original magnifications 100 and 430 x. 
Figure 17. Photomicrograph of 
an eight-week atropinized animal. 
Note the secretory ducts and 
acini. Haematoxylin and eosin. 
Original magnification 430 X. 
Figure 18. Radioautograph 
of an eight-week water-fed 
animal. Note the ductal 
labels, diffuse single 
granules which is fog, and 
the label in the upper 
right, which is probably 
not of radioactive origin. 
Alum cochineal. Original 
magnification 430 X. 
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Figure 19. Radioautograph of a two-week water-fed animal 
which was injected with radiosulfate. Note the diffuse 
labeling which is equally distributed over all cellular 
elements. The string of granules near the center of the 
field is part of an alpha track, proving that some of the 
activity shown here was from the injection. Haernatoxylin 
and eosin. Original magnification 430 X. 
Figure 20. Radioautograph of a two-week atropinized 
animal which was also injected with radioactive sulfate. 
The equally diffuse labeling is also noted in this photo-
micrograph. The acinal size may be decreased when 
compared to that of the above animal. Haematoxylin and 
eosin. Original magnification 430 x. 
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Figure 21. Photomicrographs of an atropinized animal 
from the four-week sacrifice group. The blood vessels 
appear to be quite dilated and engo~ged with blood, 
especially the periductal vessels. The apparent increase 
in the number of ducts is also noted here. The size of 
the lumina of the smaller ducts appears decreased. 
Haematoxylin and eosin. Original magnification 100 x. 
Figure 22. Photomicrograph of an atropinized animal 
from the four-week sacrifice group. The pronounced 
vas cularity of this group is again emphasized in this 
animal. Not only are the vessels prominent but the 
ducts are also apparently becoming so. Haematoxylin 
and eosin. Original magnification 100 x. 
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Figure 23. Photomicrograph of an eight-week atropinized 
animal which was given radiosulfate. The fascular effect 
previously noted is not evident in this section. How-
ever, the dec.rease in the number and size of the acini 
give the appearance of a greater predominance of secretory 
tubules. Silver granules are noted that apparently are 
not consistent in their distribution. Haematoxylin and 
eosin. Original magnifications 100 and 430 X. 
Figure 24. Photomicrographs of an eight-week water-fed 
animal which was given radiosulfate. This control animal 
may be compared to the above. The ducts and acini 
appear to be larger without the use of atropine. 
Haematoxylin and eosin. Original magnifications 100 and 
430 x. 
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